The wealth of molecular data generated over the past two decades has led to the documentation of highly disparate rates of molecular evolution among different taxa. Among the more intriguing studies is that of Martin and Palumbi (1993) , who presented data (their Table 2 ) derived from a variety of vertebrate taxa purporting to show that the rate of molecular evolution is inversely correlated with body size (and its correlates: metabolic rate, generation time, etc.). Their hypothesis has been cited as a possible explanation for variation in rate of molecular evolution among different taxa (e.g., Hafner et al., 1994; Rand, 1994; Stewart and Baker, 1994) . We argue, however, that no such relationship is evidenced from Martin and Palumbi's data and that the problem lies in the fact that their distance-based estimates for the rate of molecular evolution were undercorrected for multiple substitutions.
In studies designed to estimate the rate of molecular evolution based on DNA sequence distance data, it is critical that the distances be adequately corrected for superimposed substitutions. Otherwise, estimates of the rate of molecular evolution will show a decline through time. In their study, Martin and Palumbi (1993) sampled a series of estimated rates (their Table 2 ) of mitochondrial DNA (mtDNA) evolution for various vertebrate taxa from the literature. The rates they sampled were based on restriction fragment length polymorphism (RFLP) distances corrected for multiple substitutions by use of equation 8 or 9 from Nei and Li (1979) . These equations provide distances that correct for multiple substitutions under the Jukes-Cantor model (JC; Jukes and Cantor, 1969) of nucleotide substitution, which assumes that every type of substitution is equally likely. Brown et al. (1979) , however, had shown that RFLP distances treated in this manner increase curvilinearly through time rather than linearly, demonstrating that these distances are undercorrected for superimposed substitutions.
From an examination of Martin and Palumbi's Table 2 , it became clear to us that the large-bodied pairs of taxa they sampled tended to be associated with older divergence times (linear regression of body size on time: homeotherms, P = 0.016; poikilotherms, P = 0.029). This led us to suspect that the inverse relationship between body size and substitution rate observed by Martin and Palumbi might simply re ect the propensity for rates of evolution based on JC distances to decrease through time. Brown et al. (1979) argued that the major reason for the time-dependence of JCbased rates of evolution is that the JC model ignores variation among nucleotide sites in substitution rate. Such rate variation is ubiquitous, and the failure to account for it will lead to underestimated evolutionary rates (Yang, 1996) . To investigate Martin and Palumbi's data in this context requires a model that describes mathematically how JC-based rates will decline through time if there is a quanti able difference among nucleotide sites in the substitution rate. Under the JC model, the mean substitution rate per site per million years for two sequences R JC = 2l is
where p t is the probability that a site will vary between the two sequences after t units (millions of years) of time have elapsed since the common ancestral sequence. The JC model can be generalized to allow l to vary among nucleotide sites. Yang (1993) found that the gamma distribution provides a reasonable description of rate variation among sites for observed molecular sequence data. Under the gamma-JC model, p t = 0.75 -
a (Golding, 1983; Jin and Nei, 1990) , where a describes the shape of the gamma distribution and l is the average rate of substitution over all sites. Substituting this equation for p t in Equation 1 leads to:
We performed nonlinear least-squares regressions of R JC on t under Equation 2. Because the homeotherms (entries 1-9 in their Table 2) sampled by Martin and Palumbi have clearly experienced a higher rate of molecular evolution than the poikilotherms (entries 10-17), we analyzed the data for these two groups separately, as did Martin and Palumbi. Whenever a range of values was presented in Martin and Palumbi's Table 2 , we used the midpoint. The nonlinear regressions provided separate mean estimates (a and l ) for the a and l parameters for homeotherms and poikilotherms. The estimated values for a were then used to infer speci c values of l for each pair of taxa by using equation 2. These estimated speci c l values were then regressed against body size separately for homeotherms and poikilotherms to test Martin and Palumbi's hypothesis. Table  2 ) data under the gamma-JC model, demonstrating the dependence of RJC on t for this data (MYA = millions of years ago).
RESULTS
For the homeotherms, nonlinear regression ( Fig. 1) estimated a as 0.140 and l as 0.017 substitutions per site per million years. The low value for a demonstrates strong rate variation among sites, but this is typical for mtDNA (Yang, 1996) . Substituting the val- To test the signi cance of the regression, we transformed the data for R JC and t as indicated in the square brackets and performed a linear regression.
This analysis was found to be signi cant (P = 0.003). For the poikilotherms, nonlinear regression (Fig. 1) estimated and l as 0.003 substitutions per site per million years. A linear regression performed in the same manner as before was not significant (P = 0.135). However, visual inspection of this regression shows a regular, but curvilinear, relationship. The lack of signicance is due to the curvilinearity, which indicates that even the gamma-JC model fails to adequately correct for multiple substitutions. Although more parameter-rich models would solve this problem, such models cannot be applied to RFLP data because the underlying sequences are not available.
Clearly, the R JC 's sampled by Martin and Palumbi decline with time in a manner predicted by the gamma-JC model. Furthermore, linear regression of estimated speci c l 's against body size was not signi cant for either homeotherms or poikilotherms (homeotherms, P = 0.302; poikilotherms, P = 0.418), demonstrating that Martin and Palumbi's data do not support their conclusion of an inverse relationship between body size and rate of molecular evolution.
DISCUSSION
Our reanalysis of Martin and Palumbi's (1993) study underscores the importance of adequately correcting distance-based estimates of rates of molecular evolution for rate variation among nucleotide sites. Failure to do so leads to several problems (Yang, 1996) , including misestimated times of divergence (Arbogast and Slowinski, 1998) , misestimated substitution parameters (Wakeley, 1996) , and spurious correlations between rate of molecular evolution and life-history parameters (this paper).
The obvious question that emerges from our note is: Why were the large-bodied taxa associated with older times of divergence? Two possibilities exist: Either this is a coincidence due to sampling error, or it re ects a real evolutionary pattern. If the latter is correct, possibly large-bodied taxa experience a lower rate of diversi cation, and hence times of divergence among pairs of largebodied taxa are on average greater than for small-bodied taxa. In fact, some evidence indicates that small-bodied taxa do indeed have a higher rate of diversi cation than large-bodied taxa (Dial and Marzluff, 1988) .
The point of our note has been to emphasize the importance of considering among-site variation in studies of molecular evolutionary rates, and to show how the failure to do so led Martin and Palumbi (1993) to erroneously infer an inverse relationship between body size and the rate of molecular evolution (within the context of their data). For this purpose, our analyses suf ce. However, we point out that when investigating whether a relationship exists between the rate of molecular evolution and a life-history parameter for a set of taxa, investigators must take the phylogeny into account to avoid a possible spurious relationship attributable to phylogenetic effects (Felsenstein, 1985; Harvey and Pagel, 1991) . It is not immediately clear to us how this could be done in the present context; nonetheless, the alternative of not taking the phylogeny into account is unacceptable.
